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a  b  s  t  r  a  c  t
Luminescence  exhibiting  europium  doped  yttrium  oxide  (Y2O3:Eu3+)  phosphor  was  prepared  by  solution
combustion  method,  using  disodium  ethylene  diamine  tetra  acetic  acid (EDTA-Na2)  as  fuel  at  ∼350 ◦C.
Powder  X-ray  diffraction  (PXRD)  pattern  of  Y2O3:Eu3+ revealed  the  cubic  crystalline  phase.  The mor-
phology  of  the  samples  was  studied  by  scanning  electron  microscopy  (SEM)  and  was  foamy,  ﬂuffy  andeywords:
xide
ptical material
canning electron microscopy
porous  in nature.  Fourier  transformed  infrared  spectroscopy  (FTIR)  revealed  prominent  absorption  with
peaks at  3415,  1435,  875  and  565  cm−1.  Optical  absorption  studies  showed  the energy  gap  of  the syn-
thesized  samples  to  be  5.4–5.5  eV.  The  photoluminescence  (PL)  of  Y2O3:Eu3+ exhibiting  emission  peak
at  611  nm  under  the  excitation  of  254  nm.  Thermoluminescence  of  -irradiated  Y2O3:Eu3+ showed  two
well  resolved  TL  glows  with  peaks  at 460  and  610  K and  they  were  analyzed  by  glow  curve  shape  method
es  wehermoluminescence and  the  activation  energi
. Introduction
Nanoparticles have gained an immense interest, in anticipa-
ion that this unexplored range of material dimensions will yield
ize-dependent properties. The physical and chemical proper-
ies vary drastically with size, which clearly represents a fertile
eld for materials research [1–3]. Producing nano scale mate-
ials opens new opportunities in the creation of product with
nhanced properties for applications such as electronics, optics,
edicine and magnetism. Luminescent phosphors are among the
urrent nanostructures of materials that can be incorporated into
arious applications, viz., the development of ﬂat-panel displays
epends critically on the design of bright and stable phosphors [4].
anocrystalline phosphors are suitable for high deﬁnition televi-
ion (HDTV) where conventional bulk phosphor cannot be used
5].
The morphology and the particle size affect the emission inten-
ity of phosphor [6–8]. In general, the luminous efﬁciency of
hosphor reduces with decreasing particle size as long as the quan-
um size effect does not occur [9].  Y2O3:Eu3+ nanopowder was
ynthesized by solution combustion technique in which EDTA-Na2
as used as the chelating-fuel. This EDTA has several remarkable
dvantages in comparison with other fuels. Because of the greater
bility of EDTA anions to chelate metal cations and form very sta-
le and soluble complexes, all of the starting materials are mixed
∗ Corresponding author. Tel.: +91 9448116281; fax: +91 80 23219295.
E-mail addresses: jaya gat@rediffmail.com (J.R. Jayaramaiah),
nlnarasappa@rediffmail.com (B.N. Lakshminarasappa).
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ttp://dx.doi.org/10.1016/j.snb.2012.06.092re  found  to be  0.421  eV  and  1.016  eV  respectively.
© 2012 Elsevier B.V. All rights reserved.
at the molecular or atomic level in a solution, it is easy to control
the composition and a high degree of homogeneity is achievable.
Solution combustion is a wet-chemical method; it is an exother-
mic  reaction and occurs with the evolution of heat and light. Such
a high temperature leads to growth of nanocrystalline materials.
In any solution combustion fuel and oxidizer are required. When
the mixture of fuel and oxidizer is ignited, combustion takes place.
For the synthesis of oxides, metal nitrates are used as oxidizer and
hydrazine based compounds are employed as fuels [10,11].
Optically transparent yttrium oxide (Y2O3) appears to be a per-
spective laser material, because its thermal conductivity is two
and ten times higher than thermal conductivity of YAG and glass
respectively [12]. Nanophosphor Y2O3 crystallites have high lumi-
nescence efﬁciency in the orange-red, high purity, good chemical
resistance and thermal stability. Therefore the Y2O3:Eu3+ powder
is largely used in optical display technology, medical image and
illumination [13].
In recent years, pure or doped Y2O3 has attracted much attention
due to its potential application in optoelectronics. This is mainly
due to the qualities of this material such as its high refractive
index (>1.9), large band gap (5.8 eV), physical and chemical stabil-
ity. Refractive index and band gap are crucial parameters in optical
wave guide device. The higher the value of refractive index, the
more conﬁned the optical transmission in the guide, thus leading to
more efﬁcient pumping and ampliﬁcation. Therefore, the investiga-
tion of the effects of refractive index and band gap is very important
[14].
Y2O3:Eu3+ phosphor exhibits red emissions and has excellent
chemical stability. This phosphor is the only existing red phosphor
used in three band-ﬂuorescent lamps [15]. Y2O3:Eu3+ has attracted
and Actuators B 173 (2012) 234– 238 235
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 great deal of interest for use as red phosphor in ﬂuorescent lamps,
igh-resolution projection TVs, protection devices and low voltage
isplays such as cathode ray tube, plasma display panels and ﬁeld
mission displays [16,17].
Recent studies on different luminescent nanomaterials have
howed a potential application in dosimetry of ionizing radiations
or the measurements of high doses using the TL technique [18].
ttrium oxide doped with trivalent rare earth ions is a well known
aterial for display and lamp applications. And, such materials may
e investigated for their potential application as TL dosimeters or
cintillating detectors [19].
The TL behavior of  irradiated Y2O3:Eu3+ has been investigated
n the present work. The TL glow peak intensity with -ray dose
ncreases and reaches a maximum for a dose of 2.232 kGy and
ecreases with increasing -dose. The present material may  be use-
ul for dosimetric applications up to a dose of 2.232 kGy. The energy
ap of the synthesized Y2O3:Eu3+ is found to be ∼5.5 eV.
. Experimental
Nanophosphor Y2O3:Eu3+ was prepared by solution combustion
ynthesis. Yttrium oxide (99.99%, SD Fine Chemicals Ltd.), europium
xide (99.99%), nitric acid and EDTA-Na2 were used as starting raw
aterials to prepare Y2O3:Eu3+. Stoichiometric amounts of Y2O3
nd Eu2O3 were converted into nitrate by dissolving in 1:1 nitric
cid and excess nitric acid was removed by evaporation on a sand
ath. The stoichiometric amount of EDTA-Na2 was dissolved in dou-
le distilled water, the solution was poured in to the crystalline
ish containing yttrium nitrate doped with Eu, and the stoichio-
etric solution was stirred well to ensure homogeneity. The dish
ith solution was placed in a mufﬂe furnace whose temperature
as maintained at <350 ◦C. The reaction mixture underwent ther-
al  dehydration and ignited at one spot with liberation of gaseous
roducts such as oxides of nitrogen and carbon. The liberation of
aseous products during combustion reaction increased the sur-
ace area of the powder product by creating micro and nanoporous
egions. The combustion propagated throughout the reaction mix-
ure without further need of any external heating as the heat of
eaction is sufﬁcient for the decomposition of the redox mixture.
he process was completed in about 5 min  and resulted in volumi-
ous nano powder.
The synthesized samples were characterized by the powder
-ray diffraction (Phillips X-ray Cu-K). The morphology was
tudied by scanning electron microscopy (JEOL JSM-840A). The
ourier-transformed infrared absorption spectra were recorded
sing Nicollet Magna 550 spectrometer with KBr pellets in the
ange of 400–4000 cm−1. The optical absorption of the samples
as carried out using ELICO (SL-159) UV–vis spectrophotome-
er. The photoluminescence measurements were performed on a
himadzu Spectroﬂourometer (Model RF 5301 PC) equipped with
50 W xenon lamp as an excitation source. The emission spectra
ere studied using an excitation of 254 nm UV lamp. The TL glow
urves of the Y2O3:Eu3+ samples were obtained in the tempera-
ure range of 315–700 K. The TL glow curves of Y2O3:Eu3+ were
ecorded with a home made TL setup consisting of a small metal-
ic plate heating strip, temperature programmer, photomultiplier
ube (931B) and a multimeter recorder (Rishicom) at an heating rate
f 5 ◦C s−1. The TL glow curves obtained above were deconvoluted
sing Origin software.
. Results and discussionFig. 1 shows the PXRD patterns of Y2O3:Eu3+. The peaks were
ound to be in agreement with the JCPDS No. 88-1040 reference,
orresponding to the [2 1 1], [2 2 2], [3 2 1], [4 0 0], [4 1 1], [4 2 0],Fig. 1. PXRD spectra of combustion synthesized Y2O3:Eu3+.
[3 3 2], [4 2 2], [1 3 4], [1 2 5], [4 4 0], [4 3 3], [6 0 0], [6 1 1], [0 2 6],
[5 4 1], [6 2 2] and [1 3 6] planes. It conﬁrms the formation of single-
phase cubic crystalline yttrium nanoparticles. The formation of a
single phase is attributed to the high in situ temperature generated
during combustion reaction. The crystallites’ sizes were found to
be in the range of 15–30 nm calculated using Scherer’s formula.
Further, the cell constant (a ≈ 10.66 A˚) and the particle density
( ≈ 4.995 g cm−3) were found [20,21].
Fig. 2 shows the SEM pictures of as-formed Y2O3:Eu3+. This indi-
cates the spatial structure, ﬂuffy and crispy nature with pores, and
voids with loosely agglomerated particles. The morphology of the
synthesized samples depends on the nature and concentration of
organic fuel. During combustion, yttrium nitrate impregnates into
the polymeric product and gets ignited. Heat dissipates by the evo-
lution of gaseous products in minimization and thus it leads to
localization of heat due to the polymeric nature of the fuel. Further
calcinations at 800 ◦C for 2 h did not have much effect on the mor-
phology and was only expected to improve the crystallization; with
particles still having a large degree of porosity and agglomeration
[22,23].
Fig. 3 shows the characteristic peaks observed at 875 and
565 cm−1 which are attributed to stretching frequency of Y O.
The peak at 1435 cm−1 is assigned due to the residual nitrate and
organic matter in Y2O3:Eu3+ and the broad peak at 3415 cm−1 was
corresponding to the stretching mode of O H from the water crys-
tallization in the complex [24,25].
Fig. 4(a) shows the optical absorption of Y2O3:Eu3+ recorded
in the range of 190–800 nm.  The sharp absorption peak occurs at
around 290 nm.  The most commonly used method to estimate the
energy gap (Eg) is the Tauc-relation i.e. (˛E) = K(E − Eg)1/n, where ‘E’
is the photon energy, ‘˛’ is the optical absorption coefﬁcient, ‘K’ is
constant and ‘n’ is dependent on the optical transition assigned a
value of 2 and 1/2 for direct allowed and indirect allowed transition
respectively. Fig. 4(b) was obtained by plotting (˛E)2 versus ‘E’ in
the high absorption range. For direct allowed transition, energy gap
Eg was found to be 5.4–5.5 eV by extrapolating the linear region of
the plot to (˛E)2 = 0, if  ˛ /= 0. This indicates that the allowed direct
transition is responsible for the inter band transition in Y2O3:Eu3+
[18].
Fig. 5 shows the photoluminescence emission spectra of
Y2O3:Eu3+ samples. The Y2O3:Eu3+ samples exhibit a strong red
emission centered at 611 nm under an excitation wavelength of
236 J.R. Jayaramaiah et al. / Sensors and Actuators B 173 (2012) 234– 238
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54 nm UV lamp irradiation and the spectra show characteristic
ptical properties of Eu3+ ions in the cubic Y2O3 host structure. The
mission spectrum is composed of 5D0 → 7Fj (j = 0, 1, 2, 3, 4) tran-
ition lines of Eu3+ with the 5D0 → 7F2 hypersensitive transition
611 nm)  being the most prominent emission. The other emis-
ion peaks are located at 535–540 nm (5D1 → 7F1), 583–601 nm
5D0 → 7F1) and 625–632 nm (5D0 → 7F3), which is expected from
he Judd–Ofelt selection rules [5,26,27].
Fig. 6(a) shows the TL glow curves of Y2O3:Eu3+ -irradiated
or a dose of 2.232 kGy. These glow curves were deconvoluted
sing Origin software and the two prominent TL glows with
eaks at 460 and 610 K were well resolved as can be seen from
ig. 6(b). Fig. 7(a) shows the deconvoluted high temperature TL
low curves of Y2O3:Eu3+ -irradiated for doses in the range from
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Fig. 3. FTIR spectra of combustion synthesized Y2O3:Eu3+.stion synthesized Y2O3:Eu3+.
0.558 to 3.35 kGy in the temperature range of 350–700 K. These
well resolved glows with peak at 610 K are recorded at a heating
rate of 5 ◦C s−1. Further, the results indicate that creations of trap-
ping centers increase with increase of -ray. The TL intensity at
the glow peaks is plotted as a function of irradiation dose and it is
shown in Fig. 7(b). It is observed that the variation of TL glow peak
intensity with -ray dose increases and it reaches a maximum at
2.232 kGy and further decreases with increasing -dose. The supra
linearity function f(D) is deﬁned as
f (D) =
[
F(D)/D
]
(1)
F(D1)/D1
where ‘F(D)’ is the TL intensity at a dose ‘D’ and ‘D1’ is a low dose
at which the TL response is linear. It is clear that the region (i) is
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linear f(D) = 1 (0.968), the region (ii) is supra linear f(D) > 1 (1.23)
and sub linear at higher doses f(D) < 1 (0.4). Hence, this behavior of
the sample is useful for dosimetric application [18].
The effective atomic number (Zeff) has been deﬁned as
Zeff = m
√∑
i
aiZ
m
i
(2)
where ‘ai’ is the fractional electron content of element ‘i’ with
atomic number ‘Zi’. The value of ‘m’  will typically range from 3 to
4, with 3.5 a reasonable value [28]. ‘Zeff’ of Y2O3:Eu3+ compound
has been calculated (Eu0.01 = 36.49, Eu0.02 = 36.84, Eu0.03 = 37.18,
Eu0.04 = 37.52, Eu0.05 = 37.85 and Eu0.06 = 38.16). Each of the above
TL glow curves was analyzed based on glow curve shape method
[29]. A typical result for a glow curve -rayed for 2.232 kGy  is shown
in Fig. 8. The order of kinetics of glow curves was calculated by
measuring the symmetry (geometrical) factor g ∼ 0.504 [g = ı/ω,
(ı/) = 1.016 for 460 K] and g ∼ 0.489 [g = ı/ω, (ı/) = 0.957 for
610 K]. The values of , ı and ω are calculated, where ‘’ is the
low-temperature half width of the glow curve i.e.  = Tm − T1, ‘ı’
is the high-temperature half width of the glow curve i.e. ı = T2 − Tm
and ‘ω’ is the full width of the glow peak at its half height i.e.
ω = T2 − T1. From the values of the geometrical factor it is clear that
the two  glow peaks obey the general order kinetics. The trap depth
also known as the activation energy of the luminescence centers is
calculated using Chen’s equation [30].
E˛ = C˛
(
kBT2m
˛
)
− b˛(2Tm), (3)
where ‘kB’ is Boltzmann constant, ‘Tm
′
is peak temperature. The
constants ‘C˛’ and ‘b˛’ were also calculated by the Chen’s equa-
tion. The mean activation energies and the frequency factors were
found to be ∼0.421 eV, ∼40.58 × 103 Hz at 460 K and ∼1.016 eV,
∼0.243 × 109 Hz at 610 K.
4. Conclusions
Y2O3:Eu3+ nanoparticles have been synthesized by the EDTA-
Na2 assisted combustion technique at low temperature and in a
very short time. PXRD pattern of these samples conﬁrms the cubic
phase. The crystallite size and the particle density were found to
be 15–30 nm and ∼4.995 g cm−3 respectively. The SEM pictures of
Y2O3:Eu3+ indicated the spatial structure of the loosely agglom-
erated particles which were ﬂuffy, crispy with pores and voids in
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